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SUPERABSORBENT POLYMERS AND PROCESS FOR PRODUCING 

BACKGROUND OFTHE INVENTION 

Water-swellable polymers are used as constituents in sanitary materials which 
5 absorb body fluids such as sanitary napkins, incontinent devices and disposable baby diapers 
Examples of such polymers are disclosed in U.S. Patent Nos. 3,926,891 ; 4,190,562; and 
4,293,609. 

Various processes are known for producing absorbent polymers. For example, 
U.S. Patent No. 4,833,222 teaches a process for preparing an absorbent polymer from a 
10 neutralized monomer without a surface-active agent. U.S. Patent No. 4,808,637 teaches the 
uniform reaction of acrylic acid, an alkali metal salt of carbonic acid, aluminum acetate, sodium 
sulfate and water, preferably using microwave radiation as a heat source to initiate 
polymerization 

Another process comprises the steps of preparing a reaction mixture consisting 
1 5 essentially of particular amounts of polymerizable acid group-containing monomers, 

crosslinking agent and optionally free radical initiator in an aqueous medium and thereafter 
polymerizing and neutralizing at least a portion of the add functional groups. 

Absorbent polymers used in personal care devices are characterized by certain 
performance properties, including centrifuge capacity, absorbence under load, shear modulus, 
20 and percent extractables. 

The centrifuge capacity of a polymer is quotient of the weight of the 0.9 percent 
saline solution retained by a swollen polymer after centrifugation to remove interstitial water 
divided by the non-swollen weight. Unless otherwise indicated, centrifuge capacity values 
disclosed herein are determined as described in U S. Patent 4,286,082, the relevant portions of 
25 which are incorporated herein by reference, except that an absorption time of 30 minutes 
rather than 3 to 5 minutes is employed. Preferred centrifuge capacities are those greater than 
about 26 grams/gram. Especially preferred centrifuge capacities are those greater than about 
30 grams/gram. 
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Sixty minute 0.3 psi absorbance underload (AUL) refers to the ability of the 
polymer to swell againsta pressure of 0.3 psi. Sixty minute 0.3 psi AULreflects the ability of the 
polymertoabsorb,e.g..whentheu S erofapersonalcaredeviceisseated. Unless otherwise 

indicated, sixty minute 03 psi AUL values disclosed herein are determined as described in 
5 EuropeanPatentAppIicationEPSSg^ei-Al.therelevantportionsofwhichareincorporated 

herein by reference- Preferred sixty minute 0.3 psi AU L valuesare those greater than about 25. 
Especially preferred sixty minute 0.3 psi AUL val ues are those greater than about 30. 

Shear modulusreferstotheratioofappnedstresstoinducedstrainasthe 
polymer is deformed. Unless otherwise indicated, modulus values disclosed herein are 
10 determihedasdescriDedinU.S.ReissuePater l t32,649.Preferredshearmoduliaretho^ 

greaterthan about 40,000 dynes/cm 2 . 

In general,capacity is inversely proportional to sixty minute 0.3 psi AULand shear 
modulus. Oneofthemaingoalsofpolymerdesignhasbeentoincreasethesixtyminute0.3psi 

AUL of the polymer without decreasing the shear modulus or centrifuge capacity. 

15 Further,absorbentpolymers used in personal care devices should have minimal 16 

hour extractables levels, i.e., soluble, uncrosslinked polymer levels. Generally, higher levels of 
extractablesretardthetransferofliquidthroughanabsorptiveprodurt. Unlessotherwise 
indicated. 16 hour extractables values disclosed herein are determined as described in U .S. 
Reissue Patent 32,649. Preferred absorbent polymer will have a 16 hour extractables level less 

20 than about 10 percent, more preferably fessthan about 5 percent. 

U. S. patent NO. 4,666,983 disclosed an absorbent article obtained by mixing 1 00 
parts hy weight of an absorbent resin powder having a carboryl group with 0.001 to 10 partsby 
weight ofacrossfinking agent, and reacting theabsorbent resin powder with the crosslinking 
agent/typically by heating at a temperature between 90°C and 300»C to form surface 

25 crosslinked polymers. The surface crosslinked polymers are said to have improved ratios of 
absorption, as compared to non-surface crosslinked polymers. This process suffers the 
disadvantage of requiring a crosslinking agent, in addition to that presentinthe monomer 
mixture, to effectthe improvement in absorptive properties. 

Accordingly, those in industry would find great advantage in a processfor 

30 improvingthesixtyminuteO^psiAULofawater-swellablepolymerwhilea 

maintaininga low 16 hour extractables levef, and while not significantly decreasing Of not 
in CT easing)thecentrifugecapadtyan^ 

use of a secondary surface crosslinking agent during heat treatment. 

SUMMARY QPTHF INVENTION 
35 Thepresentinvention provides a process for producing a superabsorbent polymer 

comprisingpolymeriringana^thylenicaltyunsaturatedmonomerinanaqueousphaseinthe 
presence of a suitable initiator and a crosslinking agent and thereafter drying the polymer at a 
temperature between about 1 00'C and about 180«Cto form a dried polymer, characterized in 

-2- 
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that the process further comprises heating the dried polymer in the absence of a surface 
crossii nking agent to a temperature between about 1 65°C and about 230°C for a time sufficient 
to produce a heat-treated polymer having a sixty minute 0.3 psi AUL of at least about 25 
grams/gram. 

5 In a particularly preferred embodiment, the aqueous phase will further comprise 

a Ci to C 6 alkyl acrylate, whereupon the heat-treated polymer has a sixty minute 0.3 psi AUL of 
at least about 28 grams/gram. 

In an especially preferred embodiment, the crosslinking agent will be selected 
from the group consisting of methylenebisacrylamide, bis(acrylamido)acetic acid and its salts, 
10 aliyl acrylate, allylmethacrylate and esters or amides having both a vinyl and an allyl 

functionality, whereupon the heat-treated polymer has a sixty minute 0.3 psi AUL of at least 
about 30 grams/gram. 

The present invention further provides a superabsorbent polymer comprising 
polymerized moieties of at least one a,p-ethylenically unsaturated monomer and at least one 
15 crosslinking agent, said polymer being characterized by a 60 minute 0.3 psi AUL of at least 
about 30 grams/gram, a centrifuge capacity of at least about 32 grams/gram, and a 16 hour 
extractables level less than about 4 percent. 

The present invention further provides a method of using such a superabsorbent 
polymer, comprising retaining said polymer in conjunction with hydrophiiic fibers in an 
20 absorbent structure. Such absorbent structure may in turn be retained within a disposable 
diaper, a sanitary napkin, or an incontinence device. 

The superabsorbent polymers made by the process of this invention enjoy an 
increased AUL, a high centrifuge capacity and moduJus, and a low 16 hour extractables level. 
DETAILED DESCRIPTION OF THE INVENTION 
25 Suitable water-soluble a,0-ethylenicady unsaturated monomers that are useful in 

the present invention include those monomers which are capable of conversion by aqueous 
solution polymerization into a water-swellable and/or lightly crosslinked hydrophiiic gel 
polymer. The crosslinked structure may be obtained by the copolymerization of a water- 
soluble monomer and a crosslinking agent possessing at least two polymerizable double bonds 
30 in the molecular unit. 

The water-swellable or lightly crosslinked hydrophiiic polymers that are prepared 
by the method of the present invention can be any of the known hydrophiiic polymers which 
are capableof absorbing large quantities of fluids. Examples of such polymers and processes 
for preparing them are disclosed in U.S. Patent Nos. 3,997,484; 3,926,891 ; 3,935,099; 4,090,013; 
35 4,093,776; 4,340,706; 4,446,261 ; 4,683,274; 4,459,396; 4,708,997; 4,076,663; and 4,190,562 
herein incorporated by reference. Such hydrophiiic polymers are prepared from water-soluble 
a,p-ethylenical)y unsaturated monomers such as monocarboxylic acids, polycarboxylic acids, 
acrylamide and their derivatives. 

-3. 
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Suitable o,g-ethylenica!lyunsaturated monomers include, forexample. acrylic 
acid, methacrylic acid, crotonic add, isocrotbnic acid and alkali metal salts and ammonium salts 
thereof; maleicadd.fumaricacid, itaconic acid, acrylamide, methacrylamide and 2-acrylamido- 
2-methyl-l-propane sulfonic acid and its salts. The preferred monomers include acrylic acid and 

5 methacrylic acid and their respective sattforms such as alkali metal orammonium salts. 

The water-soluble monomers useful in the present invention may be used in 
amounts ranging from about 1 0 percentto about 80 percent by weight based on thetotal 
weight of theaqueous monomer solution. Preferably, the amount ranges from about20 
percenttoabout60percentbased onthetotal weight of the aqueous monomer-solution. 

to Optionally, the minor amounts of other water-soluble, unsaturated monomers, 

such as alkyl esters of the acid monomers, e.g., methyl acrylate or methyl methacrylate may be 
present In addition, certain grafting polymers, such as, for example, polyvinyl alcohol, starch 
and water soluble or swellable cellulose ethers may be employed to prepare products having 
superior properties. Such grafting polymers, when employed, are used in amounts up to about 

15 tOweightpercentbasedonthea,p-ethyfenicallyunsaturated monomer. Further, it may be 
advantageous to indude a chelating agentto remove trace metals from solution, e.g., when a 
metal reaction vessel is employed. One such chelating agent is VERSEN EX 80 tan aqueous 
sofution of the pentasodium salt of diethylenetriamine pentacetic acid) (Trademark of The 
Dow Chemical Company) . Such chelating agents, when employed, are generally used in 

20 amounts between about 100 and about 2000 ppm based on the a.p-ethylentcally unsaturated 
monomer. 

It is desirable to obtain a level of conversion of monomer to polymer of at least 
about95percentconversion. The polymerization may be carried out using acid monomersthat 
are not neutralized orthat have been neutralized or partiallyneutralized prior to the 

25 polymerization. Neutralization is conveniently achieved by contacting the aqueous monomer 
with an amount of basic material sufficient to neutralize between about 20 and about 95 
percent ofthe acid groups present in the acid monomers. Preferably, the amount of basic 
material will be sufficient to neutralize between about 40 percent and 85 percent, and most 
preferably between about55 percentand about 75 percent of the acid groups present in the 

30 acid monomers. When pre-neutralizing the monomer solution, it is importantto control the 
neutralization conditions so thatthe heat of neutralization does not cause the premature 
polymerization ofthe monomer mixture. The neutralization is advantageously carried out at 
temperatures below about 40°C, preferably at temperatures below about35°C 

Compounds which are usefulto neutralize the acid groups of the monomer are 

35 typicallythose which will sufficiently neutralize the acid groups without having adetrtmental 
effect on the polymerization process. Such compounds include alkali metal hydroxides, alkali 
metal carbonates and bicarbonates. Preferably, the material used to neutralize the monomer is 
sodium or potassium hydroxide or sodium carbonate or potassium carbonate. In determining 
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the desired degree of neutralization, care must be taken to ensure that the pH of the resulting 
crosslinked absorbent polymer, which will be contacted with or dispersed in an aqueous fluid 
to be absorbed, is maintained in a range appropriate for the applications for which the 
polymer is intended. Alternatively, the polymerization may be carried out employing 
5 unneutralized monomers and thereafter neutralizing, as is known in the art. 

Conveniently, a conventional vinyl addition polymerization initiator is used in the 
polymerization of the water-soluble monomers and the crosslinking agent A free radical 
polymerization initiator which is sufficiently soluble in the monomer solution to initiate 
polymerization is preferred. For example, water soluble peroxides such as potassium 
1 0 persulfate, ammonium persulfate, sodium persulfate, and other alkali-metal persulfates, 

hydrogen peroxide and water soluble azo-com pounds such as 2,2'-azobis (2-amidinopropane- 
HCL) may be used. Some of these initiators, such as hydrogen peroxide can be combined with 
reducing substances such as sulfites or amines to form known redox type initiators. The 
amount of initiator used may range from about 0.01 to about 1.0 weight percent, preferably 
1 5 about 0.01 to about 0.5 weight percent, based on the total weight of a,0-ethylenically 
unsaturated monomer reactants. 

The crosslinking agent is present in an amount effective to crosslink the water- 
soluble polymer. The preferred amount of crosslinking agent is determined by the desired 
degree of absorption capacity and the desired strength to retain the absorbed fluid. Typically, 
20 the crosslinking agent is used in amounts ranging from about 0.0005 to about 5 parts by weight 
per 100 parts by weight of a,iJ-ethylenica!ly unsaturated monomer used. More preferably, the 
amount ranges from about 0.1 to about 1 part by weight per 100 parts by weight of the a,p- 
ethylenically unsaturated monomer. If an amount over about 5 parts by weight of crosslinking 
agent per 1 00 parts is used, the resulting polymer has too high a crosslinking density and 
25 exhibits a reduced absorption capacity and increased strength to retain the absorbed fluid. If 
the crosslinking agent is used in an amount less than about 0.0005 part by weight per 100 parts, 
the polymer has too low a crosslinking density, and when contacted with the fluid to be 
absorbed becomes sticky and exhibits a lower initial absorption rate. 

While the crosslinking agent will typically be soluble in the aqueous solution of 
30 the a,p-ethylenically unsaturated monomer, the crosslinking agent may be merely dispersible in 
such a solution, without negative implications. The use of such dispersing agents is disclosed in 
U.S. Patent No. 4,833,222, the relevant portions of which are incorporated herein by reference. 
Suitable dispersing agents include carboxymethyl cellulose suspending aids, methyl cellulose, 
hydroxypropyl cellulose, and polyvinyl alcohol. Such dispersing agents are typically provided at 
35 a concentration between about 0.005 and about 0. 1 weight percent, based on the total weight 
of a,p-ethylenically unsaturated monomer reactants. 

Suitable crosslinking agents are those which, when used, increase the sixty minute 
0.3 psi AUL of the polymer, without significantly decreasing (if not increasing) the centrifuge 
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capacity. Preferred crosslinking agents include trimethylolpropanetriacrylate. 
butyieneglycoldiacrylate, ethyleneglycoidimethacrylate, ethylenebisacrylamide and 
diallylcarbonate. methylenebisacrylamide. bis(acryJamido)aceticacid and its salts, allyl acryiate, 
ailyimethacrylate and difunctional monovinyf and monoallyl esters and amides. Especially 
5 preferred crosslinking agents include methylenebisacrylamide, bis(acrylamido)acetic acid and 
its salts, allyl acryiate, ailyimethacrylate and, esters or amides having both a vinyl and an allyl 
functionality. 

Ina preferred embodiment for making polymers useful in the practice of this 
invention, an aqueous solution of the a,0-ethyl enically unsaturated monomer in the partially 
10 neutralized form, the crosslinking agent, the initiator and a grafting polymersubstrate, if 
desired, is prepared. 

The polymerization of the mixture may be initiated by elevating the temperature 
of the mixture containing the initiator or by using a redox-type initiatoras described above. 
Generally, the temperature at which polymerization will begin ranges from about 20 8 C to 

15 about45°C Thetemperature at which the polymerization is carried outis highly dependent on 
thetype of monomers used and the specific initiatorsystem employed. Preferably, the 
maximum temperature of polymerization ranges from about 50°C to about 1 00'C. most 
preferably from about 60°C to about 90°C The method by which thetemperature of the 
polymerization is controlled is not critical so long as sufficient cooling is present to remove the 

20 heat which is generated during the polymerization. 

After polymerization,the gel rsdried in, e.g., a circulating air oven, to a moisture 
content lessthan about 10 percent, preferably I ess then about 5 percent, most preferably 
aboutZto about5 percent, expressed on a dried polymer basis, to forma "dried polymer". 

ft has advantageously been discovered that when the dried polymer is further 

25 heated at elevated temperatures, the sixty minute 03 psi AU L increases, the centrifuge capacity 
andthe modulusdo not significantly decrease (if they do not increase), and the 16hour 
extractableS levels remain low (if they do not decrease). Such heat treatment is preferably 
carried outattemperatures between about 165°Cand about 230°C. more preferably between 
about 190 8 C and 21"0°C 

30 . Thetime for heat treatment can best be determined empirically, with such factors 

as humidity within the heattreatment apparatus, water content of the dried polymer, rate of 
temperature elevation, and type of crosslinking agent employed affecting the time. However, 
it has been foundthat when trimethylolpropanetriacrylate, butyleneglycoldiacrylate, 
ethyleneglycoldimethacrylate, ethylenebisacrylamide or diallylcarbonate are used as 

35 crosslinking agents, absorptive properties improve with additional heatingto a point, after 
which further heating causes a decrease in absorptive properties, in contrast, it has been found 
that when methylenebisacrylamide, bis(acrylamido)acetic acid or one of its salts, allyl acryiate, 
. ailyimethacrylate, or an ester or amide having both a vinyl and an allyl functionality are used as 
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crosslinking agents employed, absorptive properties do not appear to degrade upon heating 
beyond the point at which a maximum increase in absorptive properties has occurred.. 

The method of heat treating is not critical; for example, forced air ovens, 
fluidized bed heaters, heated screw conveyors and the like may be successfully employed. If 
5 desired, the heat treated polymer may be remoisturized for ease in handling. 

Increases in shear modulus, sixty minute AUL, free swell capacity, and centrifuge 
capacity can simultaneously be obtained at lower temperatures (and at higher temperatures 
for shorter heating times) by incorporating pendant ester groups into the polymer. While not 
wishing to be bound by theory, it is believed that the incorporation of pendant ester groups 
1 0 into the polymer increases the modulus and AUL of the polymer by facilitating the formation of 
inter- or intramolecular anydride crosslinks, i.e., crosslinks wherein ester and acid 
functionalities combine with the release of an alcohol. While such crosslinks may be achieved 
by mere heating (with the release of water, rather than an alcohol), it is believed that such 
crosslinks are formed more easily by heating an ester with an acid group, since an alkoxy group 

15 is a better leaving groupthan a hydrogen group. 

Pendant ester groups may be incorporated into the polymer by copolymerizing 
acrylic acid and/or sodium acrylate with an Q to Cg acrylate or a methacrylate. Preferred 
acrylates and methacrylates are monofunctional crosslinking agents, and include ethyl, propyl, 
isopropyl, butyl, and isobutyl acrylates or methacrylates. The acrylate or methacrylate will ' 

20 preferably be soluble in the aqueous solution of the aJJ-ethylenically unsaturated monomer. 
In the alternative, the acrylate or methacrylate will be merely dispersible in such a solution. 
Suitable dispersing agents and concentrations are as set forth above with respect to agents 

' * < suitable to disperse the crosslinking agent. The use of dispersing agents will enable the use of 
larger molecular weight acrylates and methacrylates, e.g., pentyl and hexyl acrylates and 

25 methacrylates. 

To achieve the benefits such pendant ester groups afford, the monofunctional 
acrylate and/or methacrylate will preferably be provided in the range of between about 0.5 
and about 10 percent, and more preferably between about 1 and about 5 percent, based on 
the wei ght of the monomer reactants. 

30 The following examples are provided for the purpose of explanation rather than 

limitation. Unless otherwise indicated, sixty minute 0.3 psi AUL was measured as described in 
European Patent Application EP 339,461- A1 ; centrifuge capacity was determined as described 
in U.S. Patent 4,286,082 except that an absorption time of 30 minutes ratherthan 3 to 5 
minutes was employed; andtheextractablesand modulus were determined as described in 

35 U.S. Reissue Patent 32,649, with the relevant portions of each of the cited references being 
incorporated herein by reference. 
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General Heat Treatment f o r the Reduction «f Eytrartables in 55 Percent 
Neutralized Polvacrvfic Acid 

Tw&pointone (2.1) grams of trimethylolpropane triacrylate, 0.2 grams of 
VERSENEX 80 chelating agent (available from the DowChemical Company), and 1.5 grams of a 
5 5 percent aqueous solution of polyvinyl alcohol such as AIRVOL V-205. were added to 300 
grams of acrylicacid. The resultant solution was neutralized to 55 percentbythe addition of 
121.8grams of sodium carbonate in 792.5 grams of water and diluted to a total weight of 1 168 

grams with water. The neutralized soluttonwas purged for 1 hourwith nitrogen, he 
polymerization was initiated by adding 0.75 gramsof sodium persulfate. 0.15 grams of WAKO 

10 v-50C2.2'azobis(2*midmo-p«>pane^ 

of t-butyl hydroperoxide, and 4.5 ML of a T5% aqueous solution of sodium thiosulfate. After 
thereaction temperature peaked, the temperature was decreased to 60'C, which temperature 

was maintained an additional three hours. The gel was dried at 1 00'Cfor 6 hours and then 
ground through a knife grinder. Portions of the material were heated in a forced air oven at 

T5 varioustemperatures. The analysis is set forth in the following Tables I and II. 

TABLE I 
16 Hour Extractables Levels 
(percent) after Heating at 200°C 
for Indicated Number of Minutes 



20 



25 



Sample 


o 


20 


Jto 


60 


1 


8.7 


7.6 . 


6.5 


6.1 


2 


7.7 






5.9 


3 


10.2 






7.1 


4 


11.4 






7.8 



30 



TABLE II 
16 Hour Extractables Levels 
(percent after Heating at 150°C 
for Indicated Number of Minutes 



Sample 


0 


20 


40 


60 


1 


8.7 


9.0 


9.0 


8.8 



35 
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Example 2: The Effect of Heat Treatment at Various Degrees of Neutralization on Percent 
Extractables 

A gel was prepared in accordance with Example 1 . Various degrees of 
neutralization were achieved by neutralizing the monomer solution with varying amounts of 
5 sodium carbonate solution. The gel was dried and heat treated in accordance with the 

procedure set forth in Example 1 . The degree of neutralization, and the 1 6 hour extractables 
levels of the polymer upon heating at 200°C for one hour are set forth in the following Table 111. 



TABLE III: 16 Hour Extractables 
Levels (percent) 



15 



Sample 


% 

Neutralized 


Initial 


Heat 
Treated 


1 


0 


7.7 


6.2 


2 


40 


4.3 


2.7 


3 


50 


5.8 


2.8 



Example 3: The Effect of Heat Treatment on Absorptive Properties 

Five samples of trimethylolpropanetriacrylate crosslinked Dow DRYTECH 
superabsorbent polymer were obtained from the Dow DRYTECH superabsorbent polymer 
plant in Midland, Michigan. The properties of such samples, prior to heat treatment, are set 
forth in Table IV. Such samples were heated at 200°C in a forced air oven for various times. 
Various absorptive properties, such as modulus, free swell capacity, centrifuge capacity, 5 
minute 0.3 psi AUL, 60 minute 0.3 psi AUL, and 1 6 hour extractables levels, were measured. 
Free swell capacity is determined by allowing 1.0 gram of the polymer to absorb its limit of 300 
grams of a 0.9 percent saline solution in 20 minutes. The excess salt solution which is not 
absorbed is weighed and subtracted from the original 300 grams to give the free swell capacity. 
Five minute 0.3 psi AUL is measured following the procedure set referenced for the 
measurement of sixty minute 0.3 psi AUL, excepting thatthe amount of fluid pickup is 
measured after five minutes, rather than after sixty minutes. 

The data are further set forth in the following Table IV. 



35 
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. TABLE IV 



Sample 


Time 
at 
200?C 
(min) 


Shear 
Modulus 
(dynes/cm*) 


Free 
Swell 
Capacity 
(g/g) 


Centrifuge 
Capacity 

(g/g) 


5 min 
AUL 

(9/9) 


60 
Min 

AUL 

t-,i—\ 


16 hour 
Extract- 
ables 
(%) 


1 


0 
8 
16 
32 
64 


40,400 . 

49,800 
49.800 
52300 


35.5 

34.0 
34.9 
363 


32.7 
32.4 
31.6 
30.4 
28.0 


3.1 

7.4 

14.1 

15.5 

13.9 


13.8 
26.1 
28.0 
26.8 
26.3 


10.6 
10 


2 


0 

8 
16 
32 
64 
90 


60,400 

66,400 
72,400 
78,700 
75,700 


33.0 

30.0 
30.3 
32.4 
28.0 


28.3 
28.6 
26.5 
25.4 
24.7 


5.6 
12.6 
25.0 
18.1 


26.4 
27.7 
27.2 
26.5 


7.7 


3 


0 
8 
16 
32 






43.6 
35-8 
32.9 
30.2 


2.6 

5S 
7.6 


7.5 

4 Z..Z 

16 
2t.2 




4 


16 
32 
64 


52,100 
69,700 
77300 


32.6 
28.1 
25.5 


29.8 
24.8 
22.9 




27.5 
24.7 

ZZ.O 




5 


0 
8 
16 

64 


27,700 
35,000 
39300 

50,600 


37.1 
36.5 
353 

31 


37.7 
37.2 
34.4 
29.4 
26.4 


- 


12.2 
16.1 
26.5 
26:4 
24.5 


6.9 
5.64 


6 


0 
8 
16 

32 






32.8 
31.2 
28.9 
27 


8.9 
8.9 
8.7 
8.4 


19.4 
26.0 
26.4 
25.7 





f 



This data suggests that heat treatment increases a low 60 minute 0.3 psr AUL r e.g., a 60 minute 
0 3 psi AUL less than 20, to at least 25. Such heattreatments increase the modulus, and do not 
significantly adversely affect the free swell capacity, the centrifuge capacity, or the 5 minute 03 
35 psi AUL of the polymer. This suggests that heat treatment would enable the modification of a 
batch of polymer which has a non-preferred low sixty mi nute 0.3 psi AUL, rendering it highly 
useful and saleable. The data further shows the tendency of heat treatment to maintain low 1 6 
hour extractables levels, if not decrease them. 

-10- 



WO 93/05080 



PCT/US92/07611 



Example 4: Comparison of Different Heat Treatment Temperatures and Times on Absorptive 
Properties 

A sample of DRYTECH™ 533 trimethyolpropanetriacrylate crosslinked 
superabsorbent polymer was obtained from the Dow Chemical Company (Midland, Ml). The 
5 sample was heat treated at an indicated temperature for an indicated period of time. The 
temperatures and times of heat treatment, and the resultant properties of the heat-treated 
polymer, are set forth in Table V. The method utilized to determine one hour extractable levels 
is substantially as described in U.S. Patent Reissue No. 32,649, the relevant portions of which 
are incorporated herein by reference. 

TABLE V 



Tempera- 
ture of 
Heat 
Treatment 
(°C) 


Time of 
Heat 
treatment 
(minutes) 


60 minute 
0.3 psi AUL 

(g/g) 


centrifuge 
capacity 

(g/g) 


1 hour 
extractable 
level 
(%) 


none 


none 


21.1 


32.6 


8.5 


145 


16 


23.1 


33.2 






32 


22.7 


33.2 


8.1 


167 


8 


25.3 


33.2 






16 


23.8 


32.5 






32 


24.4 


29.4 


8.0 


175 


8 


23.7 


33.2 






16 


26.0 


31.7 






32 


25.7 


30.9 


7.7 


198 


8 


26.5 


29.7 






16 


27.3 


29.2 


7.7 



This data suggests that for trimethylolpropane triacrylate crosslinked polymers, 
heat treatment temperatures greater than about 165°C are preferred, with heat treatment 
temperatures greater than about 175°C being especially preferred. 
Example 5: The Effect of Heat Treatment on Copolymers of Neutralized Acrylic Acid and 

30 Methyl Acrvlate 

To 300 grams of acrylic acid were added 2. 1 grams of 
trimethylolpropanetriacrylate, 0.2 grams of VERSENEX 80 chelating agent (available from the 
Dow Chemical Company), 1 .5 grams of a 5 percent aqueous solution of AIRVOL V-205 polyvinyl 
alcohol (available from Air Products Corporation ), and 1 5 grams of methyl acrylate. The 

35 solution was neutralized by the addition of a solution of 121 .8 grams of sodium carbonate in 
792.5 grams of water. The neutralized solution was diluted to a total weight of 1 1 68 grams 
with water. The diluted solution was purged for one hour with nitrogen. To initiate 
polymerization, 0.75 grams of sodium persulfate, 0.15 grams of WAKO V-50 azo-initiator 



-11- 



WO 93/05080 



PCT/US92/07611 



(available from Pur* Chemicals Inc.), 0.09gramsof a 70% aqueous solution of 
t-butylhydroperoxide,andareducingagent(suchassodi U mthiosulfate) were added to the 
purged solution. Afterthe reaction temperature peaked, the polymer was heated an 
additionar 3 hours at60»Ctoform a gel, The gel was dried at 100°Cfor 6 hours, and was 
ground through a knife grinder. Portions of the ground materia! were heated in a forced air 
ovenat various temperatures for various periods of time. The resultant data is setforthin the 
following Tables VI and VII. 

TABLE VI 



% Methyl 
acrylate 


Time at 
150°C 
(min) 


Shear 
Modulus 
(dynes/cm 2 ) 


Free 
Swell 
Capacity 

(g/g) 


Centri- 
fuge 
Capacity 

(g/g) 


en 

ou 

Min 
0.3 
psi 
AUL 


16 hour 
Extractable 

(%) 1 


0 


0 
8 
16 
32 
6* 


46,800 
53,600 
53,700 
57,200 
53.900 


30.0 
513 
31.0 
31.7 
31.9 


29.2 
29.9 
30.1 
30.0 
29.7 


26.6 
26.7 
27.4 
27.5 
27.6 


3.76 
3.93 


1 


0 

8 

16 

32 

64 


46,000 
49,700 
50.900 
52.200 
55,600 


29.6 
31.0 
315 
' 31.1 
30.0 


29.4 
30.4 
30.4 
30.6 
30.5 


27.0 
27,7 
27.8 
28.6 
28.3 


3.37 
3.2 


5 ' 


0 

8 

16 

32 

64 


44,100 
46,700 
48,500 
49,600 . 
53,500 


32.0 
32.8 
33.0 
33.5 
33.3 


31.2 
313 
31.7 
31.7 
313 


26.8 
26.5 
284 
28.6 
29.6 


3.93 
3.76 



30 



35 
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.TABLE VII 



% 

Methyl 
acrylate 


Time at 
200°C 
(min) 


Shear 
Modulus 
(dynes/cm?) 


Free 
Swell 
upacrty 

(g/g) 


Centri- 
fuge 
Capacity 

(g/g) 


60 

Min 

At II 

AUL 

(g/g) 


16 Hour 
Extractables 
(%) 


0 


0 

8 
16 
32 
64 


46,800 
55,900 
64,000 
76,400 
87,000 


30.0 
32.0 
29.2 
25.7 
23.3 


29.2 
29.3 
27.2 
23.4 
20.6 


26.6 
27.6 
26.1 
23.8 
21.3 


3.76 
2.36 


1 


0 
8 
16 
32 
64 


46,000 
56,800 
62,400 
79,100 
84,800 


29.6 
31.5 
29.0 
27.3 
23.9 


29.4 
30.0 
27.5 
23.5 
21.2 


27.0 
28.3 
26.7 
24.1 
22.5 


3.37 
2.36 


5 


0 
8 
16 
32 
64 


44.100 
54,800 
60,000 
75,100 
81,600 


32.0 
33.0 
31.0 
28.0 
26.5 


31.2 
30.7 
28.6 
25.1 
22.2 


26.8 
29.2 
27.7 
25.0 
23.3 


3.93 
2.64 



The data of Table VI suggests that heat treating a polymer containing methyl acrylate at 1 50°C 
and 200°C improves the absorptive properties of the polymer, providing polymers having a sixty 
minute 0.3 psi AUL of at least about 28. 

Example 6: Hea t Treatment of Polymers Prepared with Preferred Crosslinkinq Agents 
25 The reactor consisted of a 2 liter glass resin reaction kettle bottom, a stainless 

steel agitator assembly and a high torque, electric stirring-motor with gear-reducers. It had a 
glass jacket to allow for either heating or cooling of the reactor contents utilizing a separate, 
water-circulating bath. An O-ring, which fit into grooves in the glass joint of the bottom and 
the steel top, sealed the reactor to prevent gas leaks. 
30 Monomer mix was prepared by adding the following reagentsto a beaker in the 

following order; 300.00 g acrylic acid, the amount of the desired crosslinker indicated in Table 
VIII, 0:75 g VERSENEX 80 (Trademark of The Dow Chemical Company) chelating agent, 1 .50 g of 
a 5 percent solution of VINOL® 205 (Trademark of Air Products Company) polyvinyl alcohol in 
water (if necessary to help disperse a crosslinking agent not fully soluble in the monomer mix), 
35 and 300 mL water. To the resulting solution was added a solution of 1 44.0 g sodium carbonate 
dissolved in 51 5 mL of water 

Monomer mix was loaded to the reactor through the loading tube that had a 
small ball valve for flow control After monomer loading was complete, nitrogen gas was 
bubbled into the monomer solution to remove dissolved oxygen. After the desired sparging 
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time the free radical initiator solutions: were added through the dip-tube opening in the 
reactor top, by syringe: 4.8 mL of a 1 0 percent solution of sodium persuifate in water, followed 
by T.2mLofa 1 0 percent solution ofsodium erythorbate in water. A very slight nitrogen 
pressure was maintained fn the reactorduring initiator addition to prevent air from entering 
5 the reactor through the openi ng. 

Typical Monomer Mix Recipe value 

300.00 g acrylic acid 24.8 wt.% 

crosslinking agent varies 

0.75 g VERSENEX 80 chelating agent 2500 ppm* BOM* 

1.50 g of a 5% solution of Vinol 205 
polyvinylalcohol in water 250 ppm BOM 

300 mL water 

144.0 g sodium carbonate dissolved in 65.2 mol% 
515 mL of water (21.9%) neut. 

4.8 mL of a 10% solution of sodium 

persuifate in water 1600 ppm BOM 

1„2 mL of a 10% solution of sodium 

erythorbate 400 ppm BOM 

*Based on monomer 

Within a few minutes, an exothermic polymerization began. The temperature of 

20 the reaction mixture rose to 80°C over a 40 minute period, and was then decreased to 65°C and 
maintained there for three hours by means of the circulating bath. The crumbly, rubber-like 
gel product was removed from the reactor, spread onto a nylon screen and dried in a T00 ff C 
oven for 1 6 hours. The dried polymer was cooled and then pulverized in afood blender. The 
amount of extractables, centrif uged swelling capacity, swollen modulus, and the AUL were 

25 measured on these samples. 

The polymer powderthus made was placed in a flat-bottomed, glass crystallizing 
dish. The dish was put into a forced air oven that was maintained at 200X to achieve a heat- 
treatment separate from the mi Id drying step. Samples were withdrawn at various times and 
their properties were determined. The mass-loss upon heating for many of the polymers was 

30 also measured. In these instances, individual dishes were prepared for treatment The change 
in mass was measured as a function I of heating time and the percentage loss was calculated. 
The mass loss at 200°C averaged about S percent for samples initially dried at 100°Cfor 16 
hours. Thermal analysis (thermogravimetry coupled with gas chromatography and mass 
spectrometry) showed this mass was water. Traces of carbon dioxide were detected in the 

35 thermal analysis at higher temperatures. 

The differences between products made with different crosslinking agents 
became apparent after the heat-treatment of the dried polymer. In Table VIII below are given 
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data on the physical properties of the polymers before and after heating at 200°Cfor t20 
minutes. 
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Example 7: Comparison of Different Heat Treatment Temperatures and Times on Absorptive 
Properties when a Preferred Crosslinkino Aoent is Employed 

A mixture of 15 grams VINOL V-205 (available from Air Products Corp.) in 250 
5 grams deionized water was heated to form a solution. In a separate flask, 300 grams acrylic 
acid, 2. 1 grams allylmethacrylate, 0.75 grams VERSENEX 80 chelating agent (available from the 
Dow Chemical Company) and 70 grams deionized water were mixed to form a clear monomer 
mixture. The clear monomer mixture was neutralized with a solution of 144 grams sodium 
carbonate in 450 grams deionized water to form a neutralized monomer mixture. The 
1 0 neutralized monomer mixture was charged into a 2 liter reactor, which was then purged with 
nitrogen for 45 minutes. The polymerization was initiated with a mixture of 4.8 mL of a 1 0% 
aqueous solution of sodium persulfate, 0.6 mL of a 1 0% aqueous solution of sodium 
erythorbate, and 0.5 mL of a 30% aqueous solution of hydrogen peroxide. Within a few 
minutes, an exothermic polymerization began. The temperature of the reaction mixture rose 
1 5 to 80°C over a 40 minute period, and was then decreased to 65°C and maintained there for 
three hours by means of a circulating bath. The crumbly, rubber-like gel product was removed 
from the reactor, spread onto a nylon screen and dried in a T00°C oven for 16 hours. The dried 
polymer was cooled and then pulverized in a food blender. The centrifuge capacity and the 
sixty minute 0.3 psi AUL were measured on these samples. 
20 The polymer powder thus made was placed in a flat-bottomed, glass crystallizing 

dish. The dish was put into a forced air oven that was maintained at the indicated temperature 
for the indicated time to achieve a heat-treatment separate from the mild drying step. Samples 
were withdrawn at various times and their properties were determined. The data are set forth 
in the following Table IX. 

25 



30 



35 
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TABLE IX 



Temperature 
of Heat 
Treatment 
C°C) 


Time for 

Heat 
Treatment 
(minutes) 


Centrifuge 
Capacity 
Cg/g) 


Sixty 
minute 0.3 

n q « ft TIL 

Pol AU Li 
. Cg/g) 


none 


none 


32*3 


. 17.3 


170 


5 

15 
60 


33.1. 
32.2 
31.8 


19-8 
24.8 
29.4 


180 


5 

15 
60 


34.8 
34.2 
34.1 


20.3 

28.4 ' 
29.4 


190 


5 

15 
60 


35.2 
35.4 
34.2 


22.1 
28.4 
29.4 


200 


5 • 

15 

60 


32.0 
32.4 
31.9 


18.9 
28.6 
29.8 


215 


30 


33.3 


32.5 


230 


30 


32.5 


32.0 



Exampteg: Grafting 

To illustrate theeffect obtained when grafting polymers are included in the allyl 
methacrylate crosslinked polymerization recipe, the following gel polymerizations were cam* 
out in a 30 gallon reactor using the process set forth in Example 6: 



30 



35 
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A B 
22= Grafted 



Acrylic acid, pounds 46 50 

Allyl methacrylate, grams 108 182 

Poly (vinyl alcohol), pounds 0 2.5 

VERSENEX 80 chelating agent, grams 52 30 

Soda ash, pounds 22 23 - 

Sodium Persulfate, grams 33.4 38.5 

30% Hydrogen Peroxide, grams 34.8 40 

Sodium erythorbate, grams 4.2 9.0 

Water, total pounds added 107 • 125.5 

Heat-treating air temperature 170 200 
(30 minutes) , °C 

RESULTS 

Centrifuge capacity, g/g 30.6 32.0 

Swollen modulus, dynes/cm2 45 f 600 45,600 

% extractable polyacrylate 4.8 ND 

AUL, g/g at 0.3 psi for 60 min. 30.7 29.6 



The above results show that the presence of poiy( vinyl alcohol) as a graft 
substrate resulted in improved centrifuge capacity with only a slight decrease in absorbency 
under load and equivalent modulus to the product obtained using a non-grafted polymer. 
20 Whilethe subject invention has been described largely in terms of 

superabsorbent polymers prepared by a gel polymerization process, it is expected that 
superabsorbent polymers prepared by well-known suspension polymerization polymerizations 
could benefit equally from the disclosed heat treatments. 

Various modifications may be made in the present invention without departing 
25 from the spirit or scope thereof as will be readily apparent to those skilled in the art. 
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WHAT IS CLAIMED IS: 



1. 



A process for produci ng a superabsorbent polymer comprisi ng 
polymerizing at least one ojl-ethylenically unsaturated monomer in an aqueous phase in the 
5 presencebf a suitable initiatorand a crosslinking agent and thereafter dryingthe polymer at a 
temperature between about 100»Cand about 180»C to form a dried polymer, characterized in 
thattheprocessfurther comprises heating the dried polymer inthe absence of a surface 

crosslmkingagerrttoatempe^ 

to produce a heat-treated polymer having a sixtyminuteO 3 psi AU L of at I east about 25 
10 grams/gram. 

2. The process of Claim t. wherein the a,B-ethylenically unsaturated 
monomer is selected from the group consisting of acrylicadd, methacrylic acid, and alkali metal 
salts of said acids. 

3. Thep«K:essofaaim1.wnereinsaidcrosslinkingagentisseIected 
15 group consisting of trimethylolpropanetriacrylate, butyleneglycoldracrylate. 

ethyleneglycoldimethacrylate. ethylenebisacrylamide, diallylcarbonate. 
methylenebisacrylamide. bis(acrylamido)aceticacid and its salts, atlylacrylate, allylmethacrylate 
and esters or amideshaving both a vinyl and an allyl functionality. 

4. The processof any of Claims 1 . 2, or 3, wherein said crosslinking agent is 
20 employed inanamount of from about 0,0005 toabout 5 partsby weight based on 100 parts by 

.weight of said a,B-ethylenically unsaturated monomer. 

5. TheprocessofanyofCfaims1 r 2,or3,whereinsaidcrosslinkingagentis 

employed in an amount of from about 0.1 to about 1 partby weight based on 1 00 parts by 
weightof said a,f^thylenically unsaturated monomer. 
2S 6 . T he process of any of Qaims 1, 2. or 3, wherein said heat-treated polymer is 

further characterized by a centrifuge capacityof at leastabout 26 grams/gram. 

7. TheprocessofanyofClaims1,2,or3,whereinsaidheat-treatedpolymeris 

furthercharacterized bya 1 6 hour extractable level less than about 8 percent. 
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8. The process of any of Claims 1 , 2, or 3, wherein said dried polymer is 
characterized by a centrifuge capacity greater than about 30 grams/gram and a sixty minute 0.3 
psi AUL less than about 25 grams/gram, and wherein said heating increases the sixty minute 0.3 
psi AUL to at least about 25 grams/gram, without decreasing the centrifuge capacity to less 

5 than about 29 grams/gram. 

9. The process of any of Claims 1 # 2 r or 3, wherein said a,P-ethylenically 
unsaturated monomer is polymerized with between 1 and 5 percent by weight of a C to C 

1 6 

acrylate or methacryiate based on the weight of the a,p-ethylenically unsaturated monomer, 
wherein said dried polymer is characterized by a sixty minute 0.3 psi AUL of at least about 26, 
10 and wherein said heat-treated polymer is characterized by a sixty minute AUL of at least about 
28. 

10- The process of Claim 9, wherein said C, to C 6 acrylate or methacryiate is 
methyl acrylate or methyl methacryiate. 

1 1 . The process of Claim 9, wherein said heat-treated polymer is further 
15 characterized by a 1 6 hour extractables level less than about 4 percent. 

12. The process of Claim 1 , wherein said crossli nking agent is selected from the 
group consisting of methylenebisacrylamide, bis(acrylamido)acetic acid and its salts, allyl 
acrylate, allylmethacrylate and difunctional monovinyl and monoallyl esters and amides. 

13. The process of Claim 12, wherein said crossli nking agent is allyl 

20 methacryiate. 

14. The process of Claim 1 2, wherein said crosslinking agent is 
methylenebisacrylamide. 

15. The process of Claim 12, wherein said crosslinking agent is 
bis(acrylamido)acetic acid or its salts. 

25 1 6. The process of Claim 1 2, wherein said heat-treated polymer is characterized 

by a 60 minute 0.3 psi AUL of at least about 30 grams/gram. 

1 7. The process of Claim 1 2, wherein said heat-treated polymer is 
characterized by a 60 minute 0.3 psi AUL of at least about 30 grams/gram, a centrifuge capacity 
of at least about 30 grams/gram, and a 1 6 hour extractables level less than about 5 percent. 

*0 18. The process of Claim 12, wherein said heat-treated polymer is 

characterized by a 60 minute 0.3 psi AU L of at least about 30 grams/gram, a centrifuge capacity 
of at least about 32 grams/gram, and a 1 6 hour extractables level less than about 4 percent. 

19. The process of any of Claims 12, 16, 17, or 18, wherein said dried polymer is 
characterized by a 60 minute 0.3 psi AUL of at least about 25 grams/gram. 

* 5 20. A superabsorbent polymer comprising polymerized moieties of at least one 

a,£-ethylenically unsaturated monomer and at least one crosslinking agent, said polymer being 
characterized by a 60 minute 0.3 psi AUL of at least about 30 grams/gram, a centrifuge capacity 
of at least about 32 grams/gram, and a 1 6 hour extractables level less than about 4 percent. 
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21. Asuperabsorbenl: polymer comprising polymerized moieties of at least 
one o,p-ethylenically unsaturated monomer and at least one crbsslinkrng agent, wherein sard 
crosslinldng agent isselecterf from the group consisting of methylenebisacrylamide, 

bis(acryIamido)-acetic add and its salt, ally! acrylate. allylmethacrylate and Afunctional 
5 monovinyl and monoally! esters and amides. 

22. A method of using the superabsorbent polymer of either Claim 20 o> 21 
comprising retaining sard polymer in conjunction with hydrophilic fibers in an absorbent 
structure. 

23. The method of Claim 24, wherein said absorbent structure isf urther 
10 retained within a disposable draper, a sanitary napkin, or an incontinence device. 
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